Diaporthe species were revealed by DNA sequence analyses based on the internal transcribed spacer (ITS) region, translation elongation factor 1-alpha (TEF), partial regions of the β-tubulin (BT) and calmodulin (CAL). Among 44 isolates, D. eres was the dominant species, accounting for 27% of the frequency of occurrence. Our study revealed a high diversity of undescribed Diaporthe species from various hosts in Italy.
Introduction
Diaporthe (including the Phomopsis asexual morph) belongs to family Diaporthaceae, order Diaporthales, and class Sordariomycetes (Hyde et al. 2014 , Maharachchikumbura et al. 2015 , 2016 and its species are found worldwide on a diverse range of host plants as endophytes, pathogens and saprobes (Gomes et al. 2013 ). Many Diaporthe species that are morphologically similar have proven to be genetically distinct (van Rensburg et al. 2006) , and several isolates that were formerly identified based on their host, were shown to represent different taxa (Hyde et al. 2014) . Diaporthe represents a highly complex genus containing numerous cryptic species. In recent studies, species of Diaporthe were distinguished mainly by their molecular phylogenies, and the best five gene regions to conduct a multigene phylogenetic analysis are ITS, TEF, ACT CAL and HIS (van Rensburg et al. 2006, Santos et al. 
Molecular based amplification
Total DNA was extracted from aerial mycelium of 7 day old cultures grown on PDA at 25 C following the modified cetyltrimethyl ammonium bromide (CTAB) method described by Udayanga et al. (2012) . Under circumstances where fungi failed to grow in culture, DNA was extracted directly from fruiting bodies using aseptic techniques. For the identification of Diaporthe, rDNA internal transcribed spacer (ITS) region was amplified and sequenced for all 44 isolates. The translation elongation factor 1-α (TEF), a portion of the β-tubulin (BT) gene and the calmodulin (CAL) gene were employed to support species identification based on ITS gene sequence data. The rDNA ITS region was amplified using universal primers ITS1 and ITS4 (White et al. 1990 ). The target region of the TEF gene was amplified using primer pairs EF-728F and EF-986R (Carbone & Kohn 1999) . A portion of the BT gene was amplified using the primers BT2a and BT2b (Glass & Donaldson 1995) , while the primer pair CAL228F and CAL737R (Carbone & Kohn 1999 ) was used to amplify the CAL. The PCR reactions were performed in a BIORAD 1000 TM thermal cycler in a total volume of 25 l. The PCR mixture contained TaKaRa Ex-Taq DNA polymerase 0.3 l, 12.5 l of 2 × PCR buffer with 2.5 l of dNTPs, 1 l of each primer, 9.2 l of double-distilled water and 100-500 ng of DNA template. DNA samples were detected by electrophoresis and ethidium bromide (EB) staining and were used as templates for PCR amplification. DNA sequencing was performed by Sunbiotech Company, Beijing, China.
Sequence alignment and phylogenetic analyses
All new sequences generated in this study were checked manually and nucleotides at ambiguous positions were clarified with sequences from both strands and aligned with sequences retrieved from GenBank based on recent publications (Liu et al. 2015 , Hyde et al. 2016 . Combined datasets were aligned using MAFFT (Katoh & Toh 2010 , http://mafft.cbrc.jp/alignment/server/) and were manually optimized with BioEdit (Hall 2006) to allow maximum alignment. Maximum Parsimony analysis (MP) was performed with PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2003) . Gaps were treated as missing data, and the ambiguously aligned regions were excluded. Trees were inferred using the heuristic search option with Tree Bisection Reconnection branch swapping and 1000 random sequence additions. Maxtrees was set at 1000, branches of zero length were collapsed, and all multiple parsimonious trees were saved. Descriptive tree statistics for parsimony (tree length, consistency index, retention index, rescaled consistency index, and homoplasy index) were calculated for trees generated under different optimality criteria.
The best model of evolution for each gene region was determined with MRMODELTEST v. 2.2 (Nylander 2004) , and maximum likelihood analyses were performed in RAXML GUI v. 0.9b2 (Silvestro & Michalak 2010) . The RAxML analyses were run with a rapid bootstrap analysis of a random starting tree and 1000 ML bootstrap replicates. The search strategy was set to rapid bootstrapping with one thousand non-parametric bootstrapping iterations using the general time reversible model (GTR) with a discrete gamma distribution. The best scoring trees were selected with final likelihood values. Posterior probabilities (PP) were determined by Markov Chain Monte Carlo sampling (BMCMC) in MrBayes v. 3.0b4 (Ronquist & Huelsenbeck 2003) . MrModeltest v. 2.3 (Nylander 2004 ) was used to perform statistical selection of the best-fit model of nucleotide substitution and was incorporated into the analysis. Six simultaneous Markov chains were run for 1,000,000 generations, and the trees were sampled every 100 th generation. The 2000 trees representing the burn-in phase of the analyses were discarded, and the remaining 8000 trees were used for calculating PP in the majority rule consensus tree. The fungal strains isolated in this study are listed in Table 2 with details of the type cultures and sequence data. Novel sequence data were deposited in GenBank (Table 2) , alignments in TreeBASE (www.treebase.org, submission no. S20936), and taxonomic novelties in the Faces of Fungi database (Jayasiri et al. 2015) and Index Fungorum (Index Fungorum 2016).
Results

Phylogenetic analyses
The collection of saprobic specimens from numerous woody hosts in Italy ( Fig. 1 ) resulted in the isolation of 44 isolates of Diaporthe (Fig. 2) . The ITS, TEF, BT and CAL sequences were determined to be approximately 530, 350, 510 and 410 bp, respectively.
The combined ITS, TEF, BT and CAL sequences of Diaporthe contained data for 144 isolates, including one outgroup taxon, and consisted of 44 isolates from this study and other sequences originating from GenBank (Table 3) . Out of a total of 1998 characters, 882 were constant, and 295 were variable and parsimony uninformative. The remaining 821 parsimonyinformative characters resulted in 10 most parsimonious trees (TL = 4190, CI = 0.464, RI = 0.883, RC = 0.410, HI = 0.536) and the best tree is shown in Fig. 2 
Morphology and culture characteristics
All 44 isolates identified based on the phylogenetic analyses using the combined data comprised 15 Diaporthe species (Diaporthe acericola, D. cichorii, D. dorycnii, D. eres, D. foeniculina, D. gulyae, D. lonicerae, D. novem, D. pseudotsugae, D. ravennica, D. rhusicola, D. rudis, D. schoeni, D. sterilis and D. torilicola) and were further characterized on the basis of colony morphology and conidial characteristics. Growth of all isolates was rapid on PDA, with mycelia covering the entire surface of the Petri dishes. Aerial mycelium was initially white and turned dirty white or greyish after 4-5 days of incubation at 25 C in the dark. For all isolates, structures of the asexual morph appeared within 2-4 weeks of incubation. Sexual structures did not form on PDA throughout the growth period. All species showed morphological features typical of the genus. The new species of Diaporthe described here are phylogenetically distinct from all previously described species for which sequence data are available.
Taxonomy
Seven undescribed species of Diaporthe were recognized by DNA sequence analysis, together with culture morphology, and with description of anamorphic structures. Two of the novel species, D. pseudotsugae and D. schoeni did not grow under the conditions used in this study and we could not obtain single conidial cultures. Therefore, DNA was extracted directly from the conidiomata/ascomata. Etymology -The specific epithet acericola is based on the host genus (Acer). Holotype -MFLU 15-3254 Saprobic on aerial branch and samaras of Acer negundo L. Sexual morph: Not observed. Asexual morph: Conidiomata up to 460 μm in diameter, 285 μm high, superficial, solitary, scattered on host, oval, black. Peridium 65-77 μm thick, inner layer composed of light brown textura angularis, outer layer composed of dark brown textura angularis. Conidiophores 21-35 ×1.5-2.5 μm ( x = 27 × 2 μm), cylindrical, aseptate, densely aggregated, straight or sinuous, terminal, slightly tapered towards the apex. Conidiogenous cells 10-15 × 2-3 μm, phialidic, cylindrical, terminal and lateral. Alpha conidia 9.7-13.5 ×3-4.5 μm ( x = 11 × 4 μm), hyaline, fusiform or oval, both ends obtuse. Beta conidia not observed.
Culture characteristics -Colonies on PDA covering entire Petri dishes after seven days at 25 °C, grey, with scant aerial mycelium; reverse fuscous black. Surface dirty white with profuse aerial mycelium, reverse umber.
Material examined -ITALY, Forlì-Cesena Province, San Colombano -Meldola, on dead aerial branches and samaras of Acer negundo (Sapindaceae), 22 January 2015, Erio Camporesi; (MFLU 15-3254, holotype); ex-type living culture MFLUCC 17-0956.
Notes -Diaporthe acericola forms a sister clade to D. schoeni which is also a new species introduced in this study (Fig. 2) . However, the two species differed by 62 nucleotides in the concatenated alignment, of which 13 were distinct in the ITS region, 26 in the TEF region, 2 in the BT region and 21 in the CAL region. Morphologically, D. acericola differs from D. schoeni in having larger conidiomata and smaller conidia (Figs 3, 8) . Conidia of D. acericola are obtuse at both ends, while the conidia of D. schoeni are slightly acute and tapered at both ends. Conidiomata up to 540 μm in diameter, 390 μm high, superficial, solitary or aggregated, globose to oval, dark brown to black, clustered in groups of 2-5 conidiomata. Peridium 47-58 μm thick, inner layer composed of light brown textura angularis, outer layer composed of dark brown textura angularis. Conidiophores 24-37 × 1.5-3 μm ( x = 29 × 3 μm), cylindrical, aseptate, densely aggregated, straight or sinuous, terminal, slightly tapered towards the apex. Conidiogenous cells 7-10 × 2-3 μm, hyaline, subcylindrical, filiform, straight to curved, tapering towards the apex. Alpha conidia 10-14 × 3-4 μm ( x = 12 × 3 μm) hyaline, fusiform or oval, both ends obtuse. Beta conidia not observed.
Diaporthe cichorii
Culture characteristics -Colonies on PDA flat, with an entire edge, mycelium growing in concentric rings, cottony texture, white to smoke-grey; colonies reaching up to 64 mm diameter after one week at 25 °C; reverse buff and isabelline. Asexual morph: Conidiomata up to 420 μm in diameter, 380 μm high, superficial or immersed, solitary or gregarious, scattered on host surface, globose, dark brown to black, clustered in groups of 2-5 conidiomata. Peridium 35-50 μm thick, inner layer composed of light brown textura angularis, outer layer composed of dark brown textura angularis. Conidiophores 21-35 × 1.5-2.5 μm ( x = 27 × 2 μm), cylindrical, aseptate, densely aggregated, straight or sinuous, terminal, slightly tapered towards the apex. Conidiogenous cells 13-19 × 2-3 μm hyaline, subcylindrical and filiform, straight, tapering towards the apex. Alpha conidia 9-13.5 × 3-4 μm ( x = 11 × 4 μm) hyaline, biguttulate, fusiform or oval, both ends obtuse. Beta conidia not observed.
Culture characteristics -Colonies on PDA covering entire Petri dishes after 10 days, flat, with an entire edge, aerial mycelium forming concentric rings with cottony texture, white, olivaceous on surface.
Material (Fig. 2) . Diaporthe diospyricola differs from D. dorycnii, in the presence of beta conidia. Phylogenetically, D. diospyricola is the closest species to D. dorycnii (Fig. 2) , differing by 24 nucleotides in the ITS region. Though the sequences of EF region, BT region and CAL region are available for D. dorycnii, the sequences of those regions are unavailable for D. diospyricola and thus the nucleotide comparison is incomplete. Conidiophores 21-35 × 1.5-2.5 μm ( x = 27 × 2 μm), cylindrical, aseptate, densely aggregated, straight or sinuous, terminal, slightly tapered towards the apex.
Conidiogenous cells 8-11 × 2-3 μm hyaline, subcylindrical, straight to curved, tapering towards the apex. Alpha conidia 12.5-16 × 3.5-4 μm ( x = 14.5 × 4 μm) hyaline, biguttulate, fusiform or oval, both ends obtuse. Beta conidia 32-39 × 1-1.5 μm ( x = 36 × 1.5 μm) hyaline, aseptate, filiform, hamate, tapering towards both ends.
Culture characteristics -Colonies on PDA covering entire Petri dishes after 10 days, flat, with an entire edge, aerial mycelium forming irregular concentric rings with cottony texture, olivaceous-buff, isabelline to honey on surface.
Material (Fig. 2) , differing by 107 nucleotides in the concatenated alignment, in which 19 were distinct in the ITS region, 34 in the TEF region, 16 in the BT region and 38 in the CAL region. Both species possess beta conidia and morphologically, D. saccarata differs from D. lonicerae, in having 1-septate alpha conidia (Mostert et al. 2001) . Saprobic on dead land cones of Pseudotsuga menziesii (Mirb.). Sexual morph: Ascomata up to 465 μm in diameter, 255 μm high, black, globose to oval, clustered in groups, deeply immersed in host tissue protruding through substrata. Peridium 28-42 μm thick, inner layer composed of light brown textura angularis, outer layer composed of dark brown textura angularis. Asci 60-85 × 21-37 μm ( x = 75 × 29 μm), unitunicate, 8-spored, sessile, elongate to clavate. Ascospores 19-21 × 6-8 μm ( x = 20 × 7 μm), hyaline, two-celled, often 4-guttulate, with larger guttules at centre and smaller ones at the ends, elongated to elliptical. Asexual morph: Not observed.
Material examined -ITALY, Forlì-Cesena Province, Premilcuore, on dead land cones of Pseudotsuga menziesii (Pinaceae), 10 April 2015, Erio Camporesi; (MFLU 15-1274, holotype).
Notes -We could not obtain a culture from single ascospore. Therefore, DNA was extracted directly from the ascomata. Diaporthe pseudotsugae occurs in a clade separate from D. salicicola, D. cynaroidis, D. cassines and D. nothofagi. Although D. pseudotsugae is a sexual morph, none of the above mentioned species possess any sexual morph. Phylogenetically, D. cassines is the closest species to D. pseudotsugae (Fig. 2) , differing by 64 nucleotides in the concatenated alignment, in which 34 were distinct in the ITS region, 30 in the TEF region. Though the sequences of BT region and CAL region are available for D. pseudotsugae, the sequences of those regions are unavailable for D. cassines. Asexual morph: Conidiomata up to 210 μm in diameter, 110 μm high, immersed, solitary or gregarious, scattered on host surface, globose to oval, dark brown to black. Peridium 9-32 μm thick, inner layer composed of light brown textura angularis, outer layer composed of dark brown textura angularis. Conidiophores absent, Conidiogenous cells 21-35 × 1.5-2.5 μm ( x = 27 × 2 μm), cylindrical, aseptate, densely aggregated, straight or sinuous, terminal, slightly tapered towards the apex. Alpha conidia 11-14.5 × 2-3 μm ( x = 13.5 × 3 μm), hyaline, fusiform or oval, both ends slightly acute and tapered. Beta conidia 21-33 × 1-1.5 μm ( x = 27 × 1.5 μm), rarely found among alpha conidia, hyaline, aseptate, filiform, hamate, tapering towards both ends.
Diaporthe schoeni
Material examined -ITALY, Ravenna Province, Lido di Dante, on dead aerial stem of Schoenus nigricans (Cyperaceae), 1 May 2015, Erio Camporesi; (MFLU 15-1279, holotype).
Notes -We could not obtain a culture from single conidia. Therefore, fungal DNA was extracted directly from the conidiomata. Three isolates of D. schoeni were isolated from three different hosts, Carduus sp. (Asteraceae), Plantago sp. (Plantaginaceae) and Schoenus nigricans (Cyperaceae). However, any of those isolates were failed to germinate. Diaporthe schoeni occurs in a clade closer to D. acericola (Fig. 2) . Both species can be differentiated by smaller conidiomata and larger conidia of D. schoeni. Conidia of D. acericola are obtuse at both ends, while the conidia of D. schoeni are slightly acute and tapered at both ends (Figs 3, 8) . Phylogenetically, D. schoeni differs from D. acericola by 62 nucleotides in the concatenated alignment, of which 13 were distinct in the ITS region, 26 in the TEF region, 2 in the BT region and 21 in the CAL region. straight or sinuous, terminal, slightly tapered towards the apex. Alpha conidia 6-8.5 × 2-3 μm ( x = 8 × 3 μm) hyaline, biguttulate, fusiform or oval, both ends obtuse. Beta conidia 18-37 ×1-1.5 μm ( x = 27 × 1.5 μm) hyaline, aseptate, filiform, hamate, guttulate, tapering towards both ends.
Culture characteristics -Colonies on PDA covering entire Petri dishes after 10 days, grey, with scant aerial mycelium; reverse fuscous black. Colonies on PDA flat, with entire edge, cottony, olivaceous buff, with aerial mycelium in concentric rings, with olivaceous patches; colonies reaching entire petri dish after 2 wk at 25 °C; reverse olivaceous buff and greenish olivaceous. torilicola by 92 nucleotides in the concatenated alignment, in which 26 were distinct in the ITS region, 27 in the TEF region, 17 in the BT region and 22 in the CAL region.
Discussion
Studies on Diaporthe, dealing with the phylogenetic traits and morphology of isolates associated with various hosts, have increased in recent years, enabling the worldwide identification of taxa at the species level (Gomes et al. 2013 , Udayanga et al. 2014a . In this study, seven new species have been described in Diaporthe, on the basis of morphological and molecular characteristics. Two of the novel species, D. pseudotsugae and D. schoeni did not grow under the conditions of this study and single spore isolates could not be obtained. In addition to the new species, eight known species of Diaporthe (D. eres, D. foeniculina, D. gulyae, D. novem, D. ravennica, D. rhusicola, D. rudis and D. sterilis) were identified. Apart from D. eres, D. foeniculina and D. ravennica; none of the other species were identified in previous studies on Italian hosts, which probably implies an association with geographic origin and/or host species. A phylogenetic tree derived from an alignment of ITS sequences is beneficial as a guide for identification of isolates of Diaporthe species (Udayanga et al. 2012 , Tan et al. 2013 . ITS sequences offer convincing proof for species demarcation where a limited number of taxa are analyzed, such as species associated with the same host (Santos & Phillips 2009 , Santos et al. 2011 , Thompson et al. 2011 ). However, confusion arises when a large number of species from an extensive range of host species are examined. Santos et al. (2010) proposed that TEF is a superior phylogenetic marker in Diaporthe than ITS, and has been commonly used as a secondary locus for phylogenetic studies (Santos et al. 2011 , Udayanga et al. 2012 , Dissanayake et al. 2015 . Gomes et al. (2013) studied five loci from 95 species. They stated that TEF poorly distinguished species, and recommended that histone and BT were suitable possibilities as subordinate phylogenetic markers to accompany the authorized fungi barcode, ITS. In this study, a combined four gene analyses of ITS, TEF, BT and CAL was used to study eight known Diaporthe species and to assist in the introduction of seven new Diaporthe species.
Diaporthe eres was the most frequent species in the present study, comprising 27% of the isolates, and was associated with Galega officinalis (Fabaceae), Juglans regia (Juglandaceae), Lonicera sp. (Caprifoliaceae), Ostrya carpinifolia (Betulaceae), Picea excels (Pinaceae), Pinus pinaster (Pinaceae), Populus nigra (Salicaceae), Rhamnus alpinus (Rhamnaceae), Salix caprea (Salicaceae), Sambucus nigra (Adoxaceae), Sanguisorba minor (Rosaceae) and Sonchus oleraceus (Asteraceae) in the provinces of Arezzo and Forlì-Cesena (Table 2 ). In all of the studies conducted in Italy, involving gene sequencing, this species was detected as the most common, but not the most virulent (Gomes et al. 2013 , Cinelli et al. 2016 , Udayanga et al. 2015 . Phylogenetic studies indicated that, as well as the aforementioned phenomenon, there is low posterior probability support between the internal branches of the D. eres clade, indicating a large intraspecific diversity in this species (Gomes et al. 2013 , Dissanayake et al. 2017a . After several phylogenetic studies of D. eres, from 2005 to the present day, including sampled plants and areas previously unexplored, it was shown how this morphological species is complex, harbouring several cryptic species with various hosts in different geographical locations (Crous 2005 , Gao et al. 2016 , Gomes et al. 2013 , Dissanayake et al. 2015 , 2017a , Udayanga et al. 2014b .
Diaporthe foeniculina was the second most common species, with 20% of the isolates in this study, and was associated with Achillea millefolium (Asteraceae), Ailanthus altissima (Simaroubaceae), Arctium minus (Asteraceae), Cupressus sepervirens (Cupressaceae), Hemerocallis fulva (Hemerocallidoiceae), Lunaria rediviva (Brassicaceae), Melilotus officinalis (Fabaceae), Vicia sp. (Fabaceae) and Wisteria sinensis (Fabaceae) in the provinces of Arezzo and Forlì-Cesena (Table 2) . Recently, D. foeniculina was epitypified by Udayanga et al. (2014a) and the utility of individual genes for accurate circumscription of this species was assessed. Diaporthe foeniculina, including the synonym D. neotheicola, is recognized as a species with an extensive host range (Udayanga et al. 2014a ). Regarding D. neotheicola, this species has been reported to cause diseases of temperate and tropical fruits in Australia, Europe and South Africa (Golzar et al. 2012 , Thomidis et al. 2013 .
Diaporthe rudis was isolated from Anthoxanthum odoratum (Poaceae), Carlina vulgaris (Asteraceae), Cornus sp. (Cornaceae) and Dioscorea communis (Dioscoreaceae). Since its description, this species has been identified around the world as being associated with numerous hosts (Udayanga et al. 2014a , Chen et al. 2014a , b, Huang et al. 2015 , Lombard et al. 2014 , which highlights its high degree of dissemination, distribution and wide host range, similar to D. eres. Udayanga et al. (2014a) determined D. viticola to be a synonym of D. rudis, which was previously recognized as a distinct taxon.
Diaporthe rhusicola occurred at the same frequency as D. rudis, with 9% of isolates taken from dead aerial stem or branch in Amorpha fruticosa (Fabaceae), Angelica sylvestris (Apiaceae), Platanus hybrida (Platanaceae) and Rubus sp. (Rosaceae). Diaporthe rhusicola was described and first reported in South Africa as causing leaf spots of Rhus pendulina (Crous et al. 2011 ) and was subsequently proved to be pathogenic in English walnut (Chen et al. 2014b ) and pistachio in California (Chen et al. 2014a The discovery of these species of Diaporthe on diverse hosts and in different geographical localities in Italy as well as worldwide shows the polyphagous and cosmopolitan behavior of species in this genus. Certainly, it is obvious that performing complementary studies based on sequencing at least four gene regions of Diaporthe species is essential in order to support reliable species identification. Such studies are necessary to investigate this group of fungi in different unexploited biomes, to reveal the degree of diversity and to support more suitable control measures to prevent their dissemination.
